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(57) An optical pickup capable of multiple track 
scanning, including a light source (30) having at least 
two vertical cavity surface emitting lasers (VCSELs) to 
emit at least two or more light beams and a light con- 
trolling device (70) for controlling the focal position of a 
light formed on one type of recording medium (1 ) of two 
formats of different thicknesses, is provided. The light 
emitted from each VCSEL is focused on adjacent tracks 
of the recording medium (1) via a polarization beam 
splitter (40), the light controlling device (70) and an ob- 
jective lens (80) in sequence, and the light reflected from 
the recording medium (1 ) is received by a photodetector 
(1 00) via the objective lens (80), the light controlling de- 
vice (70) and the polarization beam splitter (40). The 
number of photodetectors correspond to the number of 
VCSELs to receive lights corresponding to each track 



FIG. 3 
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Description 

The present invention relates to an optical pickup 
capable of scanning multiple tracks simultaneously, and 
more particularly, to an optical pickup for recording and/ 
or reproducing information simultaneously on/from a 
plurality of tracks of a recording medium, which can be 
one of two thickness. 

Figure 1 is a diagram showing the optical arrange- 
ment of a general optical pickup. 

As shown in Figure 1 , the optical pickup includes a 
light source 10, an objective lens 25, a beam splitter 23 
and a photodetector 29. The optical source 10 includes 
a general edge emitting laser which emits light from the 
side of stacked semiconductor material layers. Refer- 
ring to Figure 2 A, the edge emitting laser diode is at- 
tached to a side wall of a mount 12 fixed on a base 1 3 
such that the light emitted from the side heads toward 
a recording medium 1 (see Figure 1 ). As an alternative, 
as shown in Figure 2B, the edge emitting laser diode 11 
may be installed on a base 1 5, and a reflection mirror 
1 4 for reflecting the light toward the beam splitter 23, (see 
Figure 1 ) may be used. 

The objective lens 25 of Figure 1 converges the light 
from the light source 1 0 to focus a light spot on a record- 
ing surface of the recording medium 1 . 

The beam splitter 23 which is positioned on an op- 
tical path between the light source 10 and the objective 
lens 25 reflects most olthe light from the light source 1 0 
and transmits the light reflected from a recording surface 
of the recording medium 1 toward the photodetector 29. 

The photodetector 29 receives the light reflected 
from the recording surface of the recording medium 1 to 
detect a radio frequency (RF) signal and an error signal. 
The photodetector 29 includes a plurality of divided 
plates (not shown) each receiving light independently. 

Also, the optical pickup includes a grating 21 and a 
colli mating lens (not shown) which are positioned be- 
tween the light source 10 and the recording medium 1. 
The grating 21 diffracts the incident light into a 0-order 
beam and ±1st -order beams such that the photodetec- 
tor 29 can detect a tracking error signal by a three-beam 
method. The collimating lens collimates a divergent 
beam. 

Also, an astigmatism lens 27 may be further includ- 
ed on an optical path between the beam splitter 23 and 
the photodetector 29. Generally, the astigmatism lens 
27 is semi-cylindrical in shape, and forms a circular 
beam on the photodetector 29 when the distance be- 
tween the objective lens 25 and the recording medium 
1 is on-focus, and an oval beam on the photodetector 
29 in other cases. 

In the optical pickup having the above structure, in- 
formation is recorded or reproduced while a single light 
beam emitted from the light source 10 travels spirally 
along tracks formed on the recording surface of the re- 
cording medium 1. Thus, the information processing 
speed of a recording/reproducing apparatus adopting 



the above optical pickup depends on the rotation speed 
of a spindle motor 5 rotating the recording medium 1 . 
Thus, there is a limitation to increasing the rotation 
speed of the motor, and the stability of the system is 
s lowered. 

It is an aim of embodiments of the present invention 
to provide an optical pickup capable of simultaneously 
scanning a plurality of tracks of a recording medium to 
improve the information processing speed without in- 
to creasing the rotation speed of a spindle motor, and ca- 
pable of compatibly adopting recording media of differ- 
ent formats. 

According to one aspect of the invention, there is 
provided an optical pickup comprising: a light source in- 

is eluding at least two vertical cavity surface emitting la- 
sers (VCSELs) arranged adjacent to each other to emit 
light parallel to the stacking direction of semiconductor 
material layers of the VCSEL; an objective lens which 
converges at least two lights emitted from the light 

20 source on a recording medium; a polarization beam 
splitter positioned on a light path between the light 
source and the objective lens, which changes the trav- 
elling direction of an incident light; a light controller po- 
sitioned on the light path between the light source and 

25 the recording medium, for controlling a focal position of 
the light converged by the objective lens; and at least 
two photodetectors each receiving light reflected from 
the recording medium via the objective lens and the po- 
larization beam splitter. 

30 The invention of the first aspect may further com- 
prise any one or more features from the accompanying 
claims, description, abstract or Figures in any combina- 
tion. 

An aspect of the invention provides an optical pick- 

3S up including a light source emitting a light, an objective 
lens for converging the light emitted from the light source 
on a recording medium, a polarization beam splitter ar- 
ranged on an optical path between the light source and 
the objective lens to change a travelling direction of an 

*o incident light, and a photodetector for receiving the light 
reflected from the recording medium via the objective 
lens and the polarization beam splitter, characterized in 
that the optical pickup comprises a light controller ar- 
ranged on an optical path between the light source and 

45 the recording medium, for controlling a focal position of 
the light converged by the objective lens, and the light 
source comprises at least two vertical cavity surface 
emitting lasers (VCSELs) arranged adjacent to each 
other to emit light parallel to a stacking direction of sem- 

50 iconductor material layers, and the number of the pho- 
todetectors is at least two, each for receiving the light 
emitted from the VCSELs and then reflected from the 
recording medium. 

Preferably, each VCSEL comprises: a substrate; a 

55 lower distributed Bragg reflecting (DBR) layer, an active 
layer and an upper DBR layer which are stacked on the 
substrate in sequence; a lower electrode layer formed 
below the substrate; and an upper electrode layer 
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formed on the upper DBR layer, having a window via 
which light is emitted. 

The optical pickup preferably further comprises: a 
A/4 retardation plate for changing an incident linear po- 
larized light into a circu lar polarized light, and an incident 
circular polarized light into a linear polarized light. 

The light controller is preferably a transparent mem- 
ber having a light blocking portion which is arranged on 
a light path being separated from the objective lens to 
block at least part of the light passing through an inter- 
mediate domain of the objective lens. 

The light controller may comprise a light controlling 
portion formed on one surface of the objective lens to 
block or scatter at least part of the light passing through 
an intermediate domain of the objective lens. 

The light controlling portion preferably includes a 
light controlling layer formed on the surface of the ob- 
jective lens through a reflective coating. 

The light controlling portion may include an annular 
groove formed on the surface of the objective lens. 

The light controller may comprise: a liquid crystal 
panel arranged on an optical path being separated from 
the objective lens; and a driving source for selectively 
applying electric power to the liquid crystal panel to se- 
lectively restrict the incident light passing domain. 

The number of photodetectors is preferably the 
same as that of the VCSELs, and at least one of the 
photodetectors includes at least two divided plates for 
separately performing photoelectric conversion to de- 
tect a track error signal and a focus error signal of the 
recording medium. 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying diagrammatic drawings, in which: 

Figure 1 is a diagram showing the optical arrange- 
ment of a conventional optical pickup; 

FIGs. 2A and 2B are diagrams showing examples 
of a light source adopted in the conventional optical 
pickup; 

Figure 3 is a diagram showing the optical arrange- 
ment of an optical pickup capable of multiple^track 
scanning according to a preferred embodiment of 
the present invention; 

Figure 4 is a sectional view schematically showing 
a vertical cavity surface emitting laser (VCSEL) of 
a type adopted in the optical pickup according to the 
present invention; 

Figure 5 is a diagram schematically showing an ex- 
ample of a light controller of a type adopted in the 
optical pickup according to the present invention; 

Figure 6 is a diagram schematically showing anoth- 



er example of the light controller adopted in the op- 
tical pickup according to the present invention; 

Figure 7 is a diagram schematically showing still an- 
5 other example of the light controller adopted in the 

optical pickup according to the present invention; 

Figure 8 is a diagram schematically showing an ex- 
ample of a photodetector adopted in the optical 
10 pickup according to the present invention; and 

Figure 9 is a diagram schematically showing a state 
in which the light emitted from a light source is fo- 
cused on tracks of a recording medium in the optical 
is pickup according to embodiments of the present in- 
vention. 

Referring to Figure 3, an optical pickup according 
to a preferred embodiment of the present invention in- 

20 eludes a light source 30 for emitting a laser beam, an 
optical path changing means such as a polarization 
beam splitter 40 for changing a travelling path of an in- 
cident light, an objective lens 80 for converging the in- 
cident light on the recording surface of a recording me- 

25 dium 1 , a light controller 70 for controlling a focal posi- 
tion of the light converged by the objective lens 80, and 
a photodetector 1 00 for receiving the light reflected from 
the recording medium 1 via the polarization beam split- 
ter 40. 

30 The light source 30 is a semiconductor laser for 
emitting two or more laser beams to form optical spots 
on at least two spiralling tracks formed on the recording 
surface of the recording medium 1 . Preferably, the light 
source 30 includes at least two vertical cavity surface 

35 emitting laser (VCSEL) which are adjacent to each other 
and emit light parallel to the stacked direction. 

Figure 4 shows an example of the light source 30 
including first, second and third VCSELs 30a, 30b and 
30c which are adjacent to each other. The VCSELs 30a, 

40 ^ 30b and 30c each include a substrate 32, and a lower 
distributed Bragg reflecting (DBR) layer 33, an active 
layer 34 and an upper DBR layer 35 which are sequen- 
tially stacked on the substrate 32, and a lower electrode 
layer 31 formed below the substrate 32, and an upper 

4$ electrode layer 36 formed on the upper DBR layer 35. 

The lower DBR layer 33 is formed by alternately 
stacking two same-type semiconductor material layers 
each having different reflectivities. The upper DBR layer 
35 is formed by alternately stacking two semiconductor 

so material layers different from the lower DBR layer 33 
and having different reflectivities from each other. 

Windows 37a, 37b and 37c are formed in the upper 
electrode layer 36 to emit light passed through the upper 
DBR layer 35. Generally, the first, second and third VC- 

ss SELs 30a, 30b and 30c are manufactured on one sub- 
strate 31 by the same process. 

When the first, second and third VCSELs 30a, 30b 
and 30c are adopted as the light source 30, the lights 
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emitted from the three windows 37a, 37b and 37c are 
focused on different tracks of the recording surface of 
the recording medium 1 after passing the polarization 
beam splitter 40 (see Figure 3) and the objective lens 
80. Here, preferably, the objective lens 80 is an aspher- 
ical lens for converging the light being incident from dif- 
ferent paths on different tracks of the recording medium. 

As an alternative, the light source 30 may be imple- 
mented by edge emitting lasers in an array structure. 

The polarization beam splitter 40 directly transmits 
the light having one polarization direction being incident 
from the light source 30, and reflects the light having 
different polarization direction being incident from the 
objective lens 80. Here, it is preferable to further include 
a A/4 retardation plate 60 for changing an incident linear 
polarized light into a circular polarized light and an inci- 
dent circular polarized light into a linear polarized light 
on the optical path between the polarization beam split- 
ter 40 and the objective lens 80. 

In the present invention, the optical path changing 
means is not limited to the polarization beam splitter 40, 
and may further include a beam splitter for transmitting 
and reflecting the incident light with a predetermined 
light amount ratio and a holographic optical element 
(HOE) for linearly transmitting or diffractively transmit- 
ting the incident light according to the incident direction. 

The light controller 70 controls the size of the light 
spot focused on the recording medium 1 via the objec- 
tive lens 80, such that a plurality of disk formats having 
different thicknesses, such as a 1 2mm CD 1 b or a 6mm 
DVD 1a, can be compatibly adopted as the recording 
medium 1. 

For the above, as shown in Figure 3, the light con- 
troller 70 may include a transparent member 71 having 
a light blocking portion 72 for blocking at least part of 
the light passed through an intermediate domain B of 
the objective lens 80, which is arranged on the optical 
path being separated from the objective lens 80. This is 
based on the fact in that the focal positions of lights 
passed through a near axis domain A of the objective 
lens 80 and a far axis domain C are different due to the 
spherical aberration of the objective lens 80. Here, "near 
axis domain A" represents a domain having a negligible 
spherical aberration and which is hear the central axis 
(optical axis) of the objective lens 80. "Far axis domain 
C° represents a domain which is relatively far from the 
optical axis compared with the near axis domain A and 
has a spherical aberration relatively greater than that of 
the near axis domain A, and "intermediate domain B" 
represents a domain between the near axis domain A 
and the far axis domain C. 

Preferably, the light blocking portion 72 is formed 
by forming a reflective coating on the transparent mem- 
ber 71 or forming a scattering pattern thereon. 

Also, the light controller may include a light control- 
ling portion formed directly on the surface of the objec- 
tive lens 80. That is, as shown in Figure 5, the light con- 
troller may include a light controlling layer 73 coated on 



the surface of the objective lens, for btocking or scatter- 
ing at least part of the light incident onto the intermediate 
domain of the objective lens 80. Also, as shown in Figure 
6, the light controller may include an annular groove 74 
s formed on the surface of the objective lens 80 to scatter 
or reflect the incident light. 

Still another example of the light controller is shown 
in Figure 7. Referring to Figure 7, the light controller in- 
cludes a liquid crystal panel 75 arranged on the optical 
path being separated from the objective lens 80 and a 
driving source 76 for selectively applying power to the 
liquid crystal panel 75. The liquid crystal panel 75 selec- 
tively transmits the light by each pixel according to the 
type of recording medium to control the position of the 
light spot. 

There may be as many photodetectors 100 of Fig- 
ure 3 as there are lights emitted from the light source 30 
to receive the light reflected from the recording medium 
1 . That is, as shown in Figure 4, when three VCSELs 
30a, 30b and 30c are adopted as the light source 30, 
the optical pickup of the present invention includes first, 
second and third photodetectors 100a, 100b and 100c 
as shown in Figure 8. Here, at least one of the first, sec- 
ond and third photodetectors 100a, 100b and 100c in- 
cludes at least two divided plates for separately perform- 
ing photoelectric conversion to detect a tracking error 
signal and a focus error signal of the recording medium 
1 . Preferably, as shown in Figure 8, the second photo- 
detector 100b includes four rectangular divided plates 
A-,, B lt and D 1( and four L-shaped divided plates A^ 
B 2 , C 2 and D 2 . 

Here, the rectangular divided plates , B-,, and 
D-, are used for detecting an error signal of a relatively 
thin disk, e.g., the DVD, and all divided plates (A 1 +A 2 ), 
(B-,+B 2 ), (C,+C 2 ) and (D 1 +D 2 ) are used for detecting an 
error signal of a relatively thick disk, e.g., the CD. 

Also, it is preferable that the optical pickup of the 
present invention further includes a collimating lens 50 
which is positioned on the optical path between the light 
source 30 (see Figure 3) and the light controller 70, for 
collimating a divergent light being incident from the light 
source 30. 

Further, preferably, the optical pickup of the present 
invention includes a sensing lens 90 positioned on the 
light path between the polarization beam splitter 40 and 
the photodetector 100 to detect a focusing error signal 
by an astigmatism method. 

Hereinafter, the operation of the optical pickup ac- 
cording to the preferred embodiment of the present in- 
vention will be described. 

Referring to Figure 3, three beams are emitted from 
the first, second and third VCSELs 30a, 30b and 30c 
and form light spots on the recording medium 1 via the 
polarization beam splitter 40, the collimating lens 50, the 
7J4 retardation plate 60, the light controller 70 and the 
objective lens 80 in sequence. Here, as shown in Figure 
* 9, the light spots formed on the recording medium 1 are 
focused on different tracks. Figure 9 shows an example 
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when a CD is adopted as the recording medium 1 . Here, 
beams emitted from the first, second and third VCSELs 
30a, 30b and 30c (see Figure 3) are focused on first, 
second and third track positions 110a, 11 0b and 110c of 
the recording medium 1 , respectively. The light beams s 
reflected from each track are received by the first, sec- 
ond and third photodetectors 1 00a, 1 00b and 1 00c (see 
Figure 8) via the objective lens 80, the light controller 
70, the XtA retardation plate 60, the polarization beam 
splitter 40 and the sensing lens 90. The light beams re- to 
ceived by the first, second and third photodetectors 
100a, 100b and 100c are converted into an electrical 
signal such that information recorded in each track is 
detected from the electrical signal, and at the same time 
a focusing error signal and a tracking error signal of the is 
objective lens 80 are detected by the photodetector 
100b. Here, the focus error signal is detected by the 
widely known astigmatism method, and the tracking er- 
ror signal is detected by a differential phase detection 
(DPD) method. 20 

According to preferred embodiments of the present 
invention, information recorded in three tracks can be 
detected at the same time when the CD rotates so that 
the information processing speed can be increased 
without increasing the rotation speed of a spindle motor 2s 
for rotating the disk. 

On the other hand, as described above, when re- 
producing information recorded on a DVD using an op- 
tical pickup in which the light source 30 is arranged to 
form light spots on tree adjacent tracks of the CD, it is 30 
difficult to form light spots on three tracks of the DVD 
due to the difference of distance between tracks of the 
CD and the DVD. Thus, in this case, information record- 
ed in only one track is reproduced using one light 
source. 35 

As described above, in the optical pickup of the 
present invention, information recorded in a plurality of 
tracks of a disk can be detected simultaneously by 
adopting a plurality of VCSELs and photodetectors, so 
that the information processing speed can be increased <o 
without increasing the rotation speed of the disk. Also, 
the light controller is positioned on the optical path so 
that disks having different formats can be adopted. 

The present invention has been illustrated and de- 
scribed with reference to a specific embodiment, how- <s 
ever, the present invention is not limited to the particular 
form illustrated, and further modifications and altera- 
tions will occur to those skilled in the art within the spirit 
and scope of the present invention, as defined by the 
appended claims. so 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
and which are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- ss 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 



ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one, or 
any novel combination, of the steps of any method or 
process so disclosed. 



Claims 

1 . An optical pickup including a light source (30) emit- 
ting a light, an objective lens (80) for converging the 
light emitted from the light source (30) on a record- 
ing medium (1 ), a polarization beam splitter (40) ar- 
ranged on an optical path between the light source 
(30) and the objective lens (80) to change a travel- 
ling direction of an incident light, and a photodetec- 
tor (100) for receiving the light reflected from the re- 
cording medium (1 ) via the objective lens (80) and 
the polarization beam splitter (40), characterized in 
that the optica! pickup comprises a light controller 
(70) arranged on an optical path between the light 
source (30) and the recording medium (1), for con- 
trolling a focal position of the light converged by the 
objective lens (80), and the light, source (30) com- 
prises at least two vertical cavity surface emitting 
lasers (VCSELs) (30a-30c) arranged adjacent to 
each other to emit light parallel to a stacking direc- 
tion of semiconductor material layers, and the 
number of the photodetectors (100) is at least two, 
each for receiving the light emitted from the VC- 
SELs (30a-30c) and then reflected from the record- 
ing medium (1). 

2. The optical pickup of claim 1 , wherein each VCSEL 
comprises: 

a substrate (32); 

a lower distributed Bragg reflecting (DBR) layer 
(33), an active layer (34) and an upper DBR lay- 
er (35) which are stacked on the substrate (32) 
in sequence; 

a lower electrode layer (31) formed below the 
substrate (32); and 
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an upper electrode layer (36) formed on the up- 
per DBR layer (35), having a window via which 
light is emitted. 

The optical pickup of claim 1 or 2, further compris- 
ing: 

a A/4 retardation plate (60) for changing an in- 
cident linear polarized light into a circular polarized 
light, and an incident circular polarized light into a 
linear polarized light. 

The optical pickup of claim 1, 2 or 3, wherein the 
light controller (70) is a transparent member (71) 
having a light blocking portion (72) which is ar- 
ranged on a light path being separated from the ob- 
jective lens (80) to block at least part of the light 
passing through an intermediate domain (B) of the 
objective lens (80). 

The optical pickup of claim 1, 2 or 3, wherein the 
light controller (70) comprises a light controlling por- 
tion (73, 74) formed on one surface of the objective 
lens (80) to block or scatter at least part of the light 
passing through an intermediate domain (B) of the 
objective lens (80), 

The optical pickup of claim 5, wherein the light con- 
trolling portion includes a light controlling layer (73) 
formed on the surface of the objective lens (80) 
through a reflective coating. 
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ity surface emitting lasers (VCSELs) (30a-30c) 
arranged adjacent to each other to emit fight 
parallel to the stacking direction of semiconduc- 
tor material layers of the VCSEL; 

an objective lens (80) which converges at least 
two lights emitted from the light source on a re- 
cording medium (1 ) ; 

a polarization beam splitter (40) positioned on 
a light path between the light source and the 
objective lens (80), which changes the travel- 
ling direction of an incident light; 

a light controller (70) positioned on the light 
path between the light source and the recording 
medium (1 ), for controlling a focal position of 
the light converged by the objective lens (80); 
and 

at least two photodetectors (1 00) each receiv- 
ing light reflected from the recording medium 
(1 ) via the objective lens (B0) and the polariza- 
tion beam splitter. 

An optical pick-up according to claim 10, further 
comprising any one or more features from the ac- 
companying claims, abstract, description or draw- 
ings, in any combination. 



7. The optical pickup of claim 5, wherein the light con- 
trolling portion (74) includes an annular groove 
formed on the surface of the objective lens (80). 

8. The optical pickup of claim 1, 2 or 3, wherein the 
light controller (70) comprises: 

a liquid crystal panel (75) arranged on an opti- 
cal path being separated from the objective 
lens (80); and 



35 



40 



a driving source (76) for selectively applying 
electric power to the liquid crystal panel (75) to 
selectively restrict the incident light passing do- 



45 



9. The optical pickup of any of the preceding claims, 
wherein the number of the photodetectors (100) is 
the same as that of the VCSELs (30), and at least 
one of the photodetectors includes at least two di- 
vided plates for separately performing photoelectric 
conversion to detect a track error signal and a focus 
error signal of the recording medium. 

10. An optical pickup comprising: 
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a light source including at least two vertical cav- 
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